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In the course of an experimental program dealing with the question of the 
relation of respiration to energy transfer for cell division in Arbacia eggs, it has 
been reported, in previous papers of this series, that these eggs contain a num- 
ber of substances which are known to be concerned in the oxidative breakdown 
of carbohydrate in animal cells. 
To facilitate evaluation of the quantitative importance of various enzyme 
systems in the metabolism of the living egg it was important to establish, under 
conditions exactly comparable  to those used for determination of the com- 
ponents of the respiratory chain in Arbacia:  (a) the amounts of various types 
of carbohydrate present in the eggs, and especially the fraction of this carbohy- 
drate which was in the form of glycogen and possibly subject to the sequence of 
metabolic reactions which begins  with the phosphorylation of glycogen  (1), 
and (b) the extent to which carbohydrate was used as a metabolic substrate at 
various stages of egg development. 
Confirming the observations of Perlzweig and Barron at Woods Hole during 
the season of 1927 (2), it has been found that Arbacia eggs contain a consider- 
able amount of acld-hydrolyzable carbohydrate, but no free reducing sugar. 
In confirmation of the unpublished experiments  of Blanchard (3) which were 
also performed during the season of 1927, it has been found that Arbaciaeggs 
contain an alkali-stable,  alcohol-preeipitable  carbohydrate.  In  extension  of 
previous work, it has been found that this substance, which corresponds in its 
color reactions, yield of reducing sugar on acid hydrolysis, and optical rotation 
to the glycogen from other animal tissues, accounts for about one-half of the 
total carbohydrate of unfertilized Arbacia eggs. 
It has also been found that, during the first few hours of development while 
cell division was actively proceeding,  the fraction of the total carbohydrate 
which was oxidized or converted to lactic acid was very small.  Indeed, with 
certain samples of eggs, there appeared to be, within the limit of accuracy of 
the experimental method, no carbohydrate consumption during the first 3 to 6 
hours of development.  Under these conditions a substantial proportion of the 
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oxygen consumption could be provisionally accounted for, on the basis of meas- 
urements of concurrent ammonia production, by oxidation of protein. 
Experimental  Methods 
Mature Arbacia  eggs were obtained at Woods Hole during June,  July, and 
August,  1941.  They were shed,  washed,  and,  where  necessary,  fertilized  as 
described in previous papers of this series. 
Analysis for Total Carbokydrate.--The eggs were prepared for carbohydrate analy- 
sis,  and  the wet weight and nitrogen content determined  either  by total nitrogen 
analyses or by calculation from hematocrit values as described below in the section 
on  egg  number-volume-weight-nitrogen  content-conversion  factors.  To  find  the 
total carbohydrate, the eggs were packed by centrifuging in a  15 co. tube, taken up 
in 1 N HC1, and hydrolyzed for 1 hour in a boiling water bath.  Confirming Perlzweig 
and Barron, it was observed that longer hydrolysis yielded no more reducing material. 
The proteins and protein cleavage products were precipitated  by adding an equal 
volume of a solution 0.2 ~ in mercuric acetate, and 0.2 M in HCI; the excess mercury 
was removed with I-I2S, and the H2S removed with an air stream.  An aliquot of the 
solution  was  then  neutralized,  made  to a  known volume,  and  faltered  to  remove 
echinochrome.  1  The reducing material was then determined either by the Folin-Wu 
(4)  copper method or by the Folin  (5)  ferricyanide method.  When both methods 
were applied to the same sample, they always yielded the same values for egg-reducing 
material  (see Table  II).  Permutit  and  Lloyd's reagent  were used  in an effort to 
detect  and  remove  any  non-specific  reducing  materials,  but  the  reducing  values 
obtained after such treatment were the same as before. 
Determination of Glycogen.--Glycogen was isolated from the unfertilized Arbacia 
eggs by the following version of Pfltiger's (6) method: The packed eggs were mixed 
with 1 volume of 60 per cent NaOH solution and hydrolyzed for 3 hours in a boiling 
water bath.  Longer hydrolyses up to 6 hours did not change the glycogen values 
obtained from a  given egg sample.  The mixture  was then  diluted  with an equal 
volume of water, and alcohol added to give a final concentration of 66 per cent by 
volume.  The glycogen was allowed to precipitate in the ice box, usually overnight, 
centrifuged down, and dried.  For volumetric analysis, the glycogen was redissolved 
in water and aliquots were subjected to hydrolysis and sugar analysis as described 
above.  For polarization analysis, the glycogen samples were reprecipitated  several 
times  with  alcohol  and  partially  decolorized with  charcoal.  For  the  comparison 
analyses of Table V  the samples for volumetric analyses were withdrawn, after the 
readings, directly from the polarimeter tube. 
Following the suggestion of Blanchard (3) a number of egg samples were extracted 
repeatedly with a 50-50 mixture of ethyl alcohol and ethyl ether, then dried, before 
the  alkaline  hydrolysis.  This  procedure,  which was  employed to remove lipoidal 
1 Further  investigation of the conditions for echinochrome removal showed that 
in order to obtain optimum precipitation, the solution had to be at least 0.75 ~  in 
NaC1 (or its equivalent in ionic strength) and at a pH above 6; the presence of divalent 
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materials which might interfere with subsequent precipitation of the glycogen from 
alcohol, caused a  loss of approximately 25 per cent of the total carbohydrate of the 
egg, and did not improve the glycogen yields or the purity of the isolated glycogen. 
The optical rotations were measured in a  2 din. tube on a  polarimeter reading to 
±0.05  °,  using  the  most  concentrated solution of glycogen which would transmit 
su(ficient light to permit matching of the fields of the polarimeter.  Ten observations 
by each of two operators were made on each solution.  The maximum variation of 
readings by individual observers was ±0.1 ° . 
Procedure for Metabolic Determinations.--The eggs  were  obtained, washed,  and 
fertilized in a  large volume of sea water, 95 to  100 per cent fertilization being ob- 
tained in each case.  The fertilized eggs were allowed to settle, the supernatant sea 
water removed, enough 0.11  ~  pH 8.0 glycylglycine buffer  (330  rag. glycylglycine 
plus 1.2 cc. ~  NaOH to 25 cc. with sea water) added to give a final concentration of 
0.01 M, and the volume adjusted to give the desired per cent of eggs by volume.  For 
experiments with normal eggs, the main compartment of each Warburg flask received 
2.0 cc. of a  3.0 per cent egg suspension.  When 4,6-dinitro-o-cresol was used, each 
flask received 2 cc. of a  1.5 per cent egg suspension plus 0.1  cc. of a  solution of 4,6- 
dinitro-o-cresol in sea water.  The center cup received 0.5 cc. of 2.5 N HC1, and the 
side arm 0.5 cc. of freshly filtered, saturated, barium hydroxide solution.  The flasks 
were placed in the bath at 30 minutes after fertilization and equilibrated, at 20  ° C., 
with air as gas phase, for 20 to 30 minutes, a  number of preliminary manometric 
readings being taken during this time.  The initial reading for the actual determina- 
tion  was  taken  at  50  or 60  minutes  after fertilization.  Each  determination was 
made in duplicate, the first pair of flasks having the contents of the main vessel, 
center cup, and side arm mixed immediately following the initial reading, with subse- 
quent pairs being similarly treated at the times shown in the tables.  The flasks were 
shaken at 60 cycles with a 4 cm. amplitude.  Under these conditions, the eggs were 
just at the point of first division at 1 hour after fertilization, the time at which measure- 
ments began, developed to swimming blastulae at 10 hours, gastrulae at 15 hours, and 
short-armed plutei at 24 hours.  The  shaking rate was shown  to be adequate for 
maintenance of oxygen equilibrium and the average oxygen consumption for every 
sample of eggs fell very close to the average value of 3.1 c.mm. per 10 c.mm. eggs per 
hour as observed in this laboratory for several years. 
At the end of the experiment, the total contents of each duplicate pair of Warburg 
flasks were carefully rinsed into a  10 cc. volumetric flask and made to volume.  Suit- 
able aliquots from each sample were then analyzed for sugar by the Folin ferricyanide 
method as described above, for lactic acid by the colorimetric method of Barker and 
Summerson  (7), and for ammonia by nesslerization of the distillate obtained after 
1 hour aeration of alkalinized samples by the technique of Folin (8). 
EXPERIMENTAL  RESULTS 
Nitrogen Content in Relation to Number, Volume, Wet Weight, and Dry Weight 
of Arbacia Eggs.--For comparison of the present data with that presented on 
various phases of Arbacia egg metabolism in previous papers of this series and 
by other investigators, it was desirable to know the nitrogen content of the eggs 
under  the  present  conditions  of  experiment.  For  this  purpose,  unfertilized 720  CELL  METABOLIS~I  AND  CELL  DMSION.  VI 
Arbacia eggs were, as in the actual experiments, freed of ovarian material by 
sifting through two layers of cheese cloth, then washed by allowing them to 
settle through two changes of sea water.  The percentage of eggs by volume 
in  the suspension used  in any experiment was  measured by the hematocrit 
method previously described (9).  An aliquot of the egg suspension was re- 
moved  for  total  nitrogen  analyses,  digested,  and  nesslerized  by  the micro 
Kjeldahl method of Folin (10), the color being measured photoelectrically at 
400 m~.  Another aliquot from the same suspension was packed by centrifug- 
ing for 5 minutes at 2000 gravity in a tared 15 cc. centrifuge tube terminating 
in a 5 mm. capillary.  The supernatant sea water was carefully drawn off by 
suction, the last portions of extraneous sea water being removed from the inside 
of the tube with filter paper.  The tubes were weighed with contents and then 
dried to constant weight at 110°C. 
The results of four experiments are given in Table I.  By the present method, 
the eggs were found to contain 23.9 per cent of the measured wet weight as 
solids, or 25.9 per cent of the wet weight calculated from the egg volume and a 
density of 1.09 as solids.  In 1909 McClendon  2 (11) reported the solid content 
of unfertilized eggs to be 22.6 per cent.  In 1940 Ballentine (12) reported 265 
rag. dry weight per cc. eggs (volume determined by diameter measurements on 
individual eggs in conjunction with egg counts); on the assumption of an egg 
density of 1.09 (13), this gives 24.2 per cent solids. 
Ballentine also reported 0.107 mg. nitrogen per rag. dry weight, which is es- 
sential agreement with the value of 0.101 rag. nitrogen per rag. dry weight found 
in the present experiments.  If the average value of 95,000 eggs per cc. of 2 per 
cent eggs, used in this laboratory for several years (9), is converted on the basis 
of the data of Table I  a  figure of 5.93 mg. nitrogen per 106 ceils is obtained; 
Ballentine found 5.86 mg. nitrogen per  106 cells.  Since the data of Table I 
appear, therefore, to be in satisfactory agreement with previous data, the fac- 
tors for nitrogen per unit of egg volume or per number of cells being particularly 
reproducible, no further experiments of this type were made. 
On the basis of Ballentine's data and  that of Table I, unfertilized Arbacia 
eggs contain approximately 63 to 67 per cent of the dry weight as protein. 
Total  Carbohydrate Content  of  Arbacia  Eggs,--The  results  of  twenty-one 
determinations of the total carbohydrate content of Arbacia eggs are given in 
Table II.  The average figure was 110 mg. carbohydrate (calculated as glucose) 
per gm. egg protein. 
It will be noted that the values obtained during the early part of the season 
tend to be lower than those obtained later.  This may be in part connected 
2 In a previous paper of this series the solid content of Arbacia eggs was taken to be 
18.1 per cent, as quoted from McClendon by Harvey (see Harvey review (3)).  This 
is the solid content calculated from data on various egg fractions obtained by centri- 
fuging.  The figure given by McClendon for the solid content of the whole egg was 
22.6 per cent. TABLE I 
Total Nitro en and Solid Content of Unfertilized Eggs of Arbavia 
Egg wet weight 
Egg vol- 
Date  ume by  Calculated  Egg dry  Total egg 
hematocrit  from  Fount  weight  nitrogen  Calcu-  Found 
density of  lated 
1.09 (12) 
co.  mg.  mg.  mg.  mg. 
7-3-41  O. 272  296  323  76  7.7  25.6  23.6 
7-341  0.435  473  522  128  12.1  27.0  24.5 
7-3-4110.465  505  575  142  13.1  28.2 
7-341  O. 370  402  406  92  10.5 
Mean .......................................... 
Per cent dry weight 
~unvtulata 
Nitrogen  Nitrogen 
per cc.  per rag. 
of eggs  egg dry  weight 
mg.  mg. 
28.2  0.101 
27.8  0.095 
24.7  28.1  0.092 
22.7  28.4  0.114 
23.9  [  28.1  '  0.101  i 
22.9 
25.9 
TABLE II 
Total  Add-Hydrolyzable  Carbohydrate Content  (As  Glucose) of Eggs  of Arbacia  punctulata 
Date 
6-2141 
6-24-41 
6-26--41 
7-941 
7-941 
7-9--41 
7-941 
7-16-41 
7-24-41 
7-30--41 
8-2-41 
8-2141 
8-23-41 
8-24-41 
8-2541 
8-27-41 
8-28-41 
8-29-41 
8-29-41 
8-29-41 
8-2941 
Eggs unfertilized 
(U) or at 1 hr. 
after fertilization 
(F) at 20" C. 
U 
U 
U 
U 
U 
U 
U 
U 
U 
F 
F 
F 
F 
F 
F 
F 
F 
U 
U 
U 
U 
Total nitrogen 
of 
mg. 
0.51 
1.39 
0.47 
0.95 
1.38 
1.32 
1.61 
5.17 
7.07 
1.69 
0.85 
1.69 
1.69 
1.53 
1.69 
1.69 
1.12 
2.24 
2.26 
4.11 
5.26 
Protein in 
egg sample 
(N X 6.25) 
rag. 
3.19 
8.69 
2.93 
5.94 
8.62 
8.25 
10.1 
32.3 
44.2 
10.6 
5.3 
10.6 
10.6 
9.6 
10.6 
10.6 
7.0 
14.0 
14.1 
25.7 
32.9 
Total glucose in egg sample 
By ferricya-  By copper 
nide method  method 
mg.  mg. 
0.243 
0.814 
0.229 
O. 597  O. 603 
O. 613" 
0.873  0.855 
0.857* 
0.925  0.917 
0.937" 
1.20  1.17 
1.19" 
3.62  3.56 
4.13 
1.01 
0.78 
1.53 
1.53 
0.91 
1.48 
1.48 
1.44 
1.58 
1.80 
3.21 
4.02 
Glucose per 
gin. of egg 
protein~ 
rag. 
76 
94 
82 
101 
98 
99 
119 
111 
94 
96 
147 
145 
143 
96 
140 
140 
136 
113 
128 
125 
122 
Mean .............................................................  110 
* After treatment with Lloyd s reagent. 
Average of all determinations on the sample. 
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with the fact that eggs used after August 1st came, in the majority of cases, from 
urchins which had been stored in aquaria inside the laboratory for periods of 2 
to 4 weeks; the eggs used in the early experiments came from urchins stored for 
only a few days in the laboratory. 
No reason can be given for the fact that the present carbohydrate values are 
twice as high as those reported by Perlzweig and  Barron, especially since the 
methods for hydrolyzing and determining carbohydrate, removal of interfering 
substances, and determination of egg nitrogen content were essentially the same 
in the two investigations.  In view of the variation among the separate de- 
terminations of Table II, the discrepancy may possibly be attributable to varia- 
tions in the source and handling of the urchins. 
The egg hydrolysates, after removal of interfering substances by the mercuric 
acetate  precipitation,  did  not  reduce  neutral  or  acid  ferricyanide  solutions. 
Also, confirming Perlzweig and Barton  (2)  and Blanchard  (3),  typical gluco- 
sazone crystals appeared in concentrated hot egg hydrolysates at the same rate 
as in known glucose solutions of the same reducing power, and melted simul- 
taneously  with  known  glucosazone  crystals at  204°C.  (uncorrected).  How- 
ever, not all of the total carbohydrate was glucose, since the presence of some 
pentose was shown by formation of furfural on boiling the isolated sugar with 
concentrated HC1. 
It was of interest to determine how much of the reducing carbohydrate might 
arise from the jelly surrounding  the eggs.  To investigate this  question  the 
following experiment was conducted. 
A suspension  of eggs was divided into two parts.  One part was analyzed in the 
usual way, giving 1.15 mg. glucose and 14.0 nag. protein; i. e., 82 rag. of glucose per 
gin.  of protein.  The eggs in  the other part, after packing by centrifugation and 
removal of the supernatant sea water, were shaken gently in isotonic NaC1 (0.55 M), 
packed, and the supernatant NaCI solution decanted.  The eggs were washed again 
with isotonic NaC1 and the two NaC1 washings  combined.  The eggs, freed of jelly, 
were  then analyzed as before, giving 1.32 rag. glucose  and  14.7 rag.  protein; i. e., 
90 mg. of glucose per gm. of protein.  The NaC1 solution containing the jelly was 
evaporated to 25  cc.  This solution contained no demonstrable reducing material, 
but was found to contain the nitrogen equivalent of 1.56 rag. protein.  Adding the 
nitrogen found in the jelly to that found in the eggs from which it was removed gave 
a  total of 16.3 rag. protein which,  divided into the glucose found in the eggs, gave 
81 rag.  of glucose per gin. protein. 
This experiment was repeated with similar results.  It seems clear that the 
jelly, though accounting for about 10 per cent of the nitrogen of the eggs, con- 
tains only an inappreciable fraction of the hydrolyzable reducing sugar of the 
eggs; thus, the reducing carbohydrate is in the egg where it is a potential source 
of energy. 
Glycogen Content of Arbacia Eggs.--The results of a number of glycogen de- HuTCHE~S,  KELTCH, KRAHL~ ~  CLOWES  723 
terminations on unfertilized Arbacia eggs are given in Table III.  The glycogen 
content here observed (40 to 57 mg. per gin. egg protein) is of the same order 
as that (50 to 80 mg. per gm. egg protein) obtained in the unpublished experi- 
ments of Blanchard (see (3)).  It is also of the same order as that found in the 
eggs of the European sea urchins Paracentrotus lividus and Echinus esculentus 
(see 13rstrtim and Lindberg (14)  for a  summary of the total carbohydrate and 
glycogen contents of these eggs). 
Since  only about one-half of the  total hydrolyzable carbohydrate was ac- 
counted  for  as  glycogen, recovery of a  known  amount  of glycogen was  at- 
tempted. 
2 aliquots of eggs from the  same batch were carried through the procedure for 
glycogen isolation.  The first sample, containing 4.03 gm. wet eggs, gave 66 mg. total 
Date 
6-24-41 
7-16-41 
7-24-41 
7-24-41 
8-29-41 
8-29-41 
8-29-41 
8-29-41 
TABLE III 
Glycogen Content of  Ut ~ertilized Arbacia  Eggs 
Total acid-hydrolyzable  Ratio Of glycogen to total 
carbohydrate (as glucose)  Glycogen (as glucose)  acid-hydrolyzable  per gin. of egg protein  per gin. of egg protein  carbohydrate 
mg. 
44 
55 
49 
57 
5 
57 
4O 
50 
mg. 
94 
109 
94 
109 
113 
128 
125 
122 
Mean ..................................................... 
peT ~ent 
47 
51 
52 
52 
45 
44 
32 
41 
46 
glucose and 34.4 mg. glycogen (calculated as glucose);  i.  e., 52  per  cent  of  total 
hydrolyzable carbohydrate as glycogen.  To the second sample, containing 2.02 gin. 
wet eggs, glycogen (Pfanstiehl) equivalent to 31.3 rag. glucose (as shown by analysis) 
was added.  On analysis, this second  sample gave 47.5 mg. glycogen (calculatedas 
glucose), of which 17.2 rag. (0.5 X 66 X 0.52) came from the eggs and 30.3 mg. came 
from the 31.3 mg. added, indicating a recovery of 97 per cent. 
Further experiment (Table IV) indicated that the principal loss of carbohy- 
drate  occurred  at  the  ether-alcohol  extraction  and  the  alcohol  precipitation 
steps of the glycogen isolation, only a negligible loss being incurred during the 
alkaline hydrolysis. 
The glycogen isolated from unfertilized Arbacia eggs by the present procedure 
gave the expected red-brown color test with iodine solutions.  Further evidence 
for the identity of Arbacia glycogen with that in other animal tissues was pro- 724  CELL METABOLISM AND  CELL DMSION,  VI 
vided by experiments in which glycogen, after several alcohol precipitations, 
was estimated from its optical rotation before acid hydrolysis and also by the 
ferricyanide method after acid hydrolysis.  Results of six experiments (Table 
V)  show the average value obtained by hydrolysis to be 98 per cent of that 
obtained by rotation. 
TABLE IV 
Loss of Hydrolyzable Carbohydrate at Various Stages in the Isolation of Glycogen  from Unfertilized 
Arbacia Eggs 
Original eggs  ............................. 
Following drying with 50 per cent alcohol-50 
per cent ether .......................... 
Following alkaline hydrolysis ............... 
Following precipitation  with  66  per  cent 
alcohol  ............................... 
Total acid hydrolyzable  Cumulative  loss of 
carbohydrate (as glucose)  original glucose 
per gm. of egg protein 
rag.  per cent 
109  0 
82 
80 
55 
25 
27 
50 
TABLE V 
Comparison of Glycogen Analyses by Measurement of Optical Rotation before Acid Hydrolysis 
with Those by the Ferricyanide Method after Acid Hydrolysis 
Rotation* 
degrees 
0.7 
1.1 
1.9 
5.1 
1.6 
4.5 
Glycogen per cc. (calculated as glucose) 
By rotation method 
mg. 
1.8 
2.8 
4.8 
13.0 
3.1 
11.5 
By ferricyanide method 
mg. 
2.0 
2.5 
4.4 
12.0 
3.0 
12.2 
Ratio of glucose by ferri- 
cyanide method to glucose 
by rotation method 
pot Cent 
111 
89 
92 
92 
97 
106 
Mean ............................  , .........................  98 
* Larger rotations  could not be read because of the traces  of color which could not be 
removed from the egg glycogen.  The specific rotation Of glycogen is 196.6  ° (15). 
Metabolic Determinations.--Having  established that Arbacia  eggs  contain a 
considerable amount of carbohydrate in a form presumably subject to use as a 
metabolic substrate, it was of interest to make a preliminary survey of the ac- 
tual carbohydrate consumption of the eggs as they developed under the con- 
ditions of experiment used in previous papers of this series.  Measurements 
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were made at  intervals between  1 and  25  hours  ~ after fertilization at  20°C. 
(Tables VI and VII.) 
The results indicate that during the first 3 to 6 hours of development, the 
period in which cell division is most actively proceeding, the fertilized eggs may 
or  may not  consume significant  amounts  of carbohydrate.  Indeed,  in  two 
experiments (Nos. 89 and 91),  there appeared to be little or no carbohydrate 
consumed in the 6 hour period between the  1st and the 7th hour of develop- 
ment.  Since the experimental error in the glucose determinations was about 
=t=  2 per cent,  complete absence of carbohydrate consumption in these cases 
was not established, but the maximum carbohydrate consumption allowed by 
the error of the determination (at most 0.3  X  10  --e moles glucose per gm. wet 
eggs) could not account for more than 15 per cent at most of the oxygen con- 
sumption during the first 6 hours.  From the 15th to the 24th hour, however, 
considerable amounts of carbohydrate were consumed by every egg sample. 
Of the carbohydrate consumed in any given instance, a negligible proportion 
was converted to lactic acid during the period from the 1st to the 24th hour of 
development.  It is true, as pointed out by previous investigators (2, 3), that 
the eggs contain some lactic acid shortly after fertilization, but neither produc- 
tion nor consumption of lactic acid appeared to be of quantitative importance 
as  energy-yielding processes for Arbacia  eggs during  their  first  24  hours  of 
development. 
In every experiment, Arbacia eggs were found to produce substantial amounts 
of ammonia.  In a  number of cases, the oxygen which would have been con- 
sumed in producing the observed amount of ammonia from complete oxidation 
of protein (see Dickens (16)) agreed with that actually consumed.  This find- 
ing  suggested  that  the  eggs might derive  a  considerable  fraction  or,  in  the 
absence of carbohydrate consumption, all of the energy for early development 
from protein oxidation. 
Unfortunately,  the situation is not so simple as this, since the oxygen con- 
sumption  required  for  protein  oxidation  was,  in  a  number  of  experiments, 
3 The  question  of the degree to which  bacterial growth may contribute  to  the 
metabolic values obtained at the 15th and 24th hours cannot be definitely answered, 
but it may be noted that the oxygen consumption of the various egg samples remains 
fairly constant from experiment to experiment, giving no reason to suspect chance 
bacterial growth.  In control experiments, an attempt was made to detect and pre- 
vent any potential bacterial growth by use of a series of closely spaced concentrations 
of sodium ethylmercurithiosalicylate.  As  the  concentration of this  substance was 
increased,  there was no effect on the respiration of the egg suspension  until  a  con- 
centration of 5  ×  10  -e ~  was reached.  Beyond this concentration, the respiration 
of the eggs was inhibited along a  smooth concentration effect curve which gave no 
indication  that  any organism except the eggs was  contributing,  during a  24 hour 
period, to the respiration of the egg suspension. 726  CELL  METABOLISM  AND  CELL  DMSION.  VI 
TABLE VI 
Oxygen Consumption, Carbohydrae Content, Lactic Acid  Content, and  Ammonia  N~rogen 
Content of Arbacia Eggs  from the 1st to the 25th Hour of Derdopment at 20  ° C. 
Exp. No.  Date 
45  7-30-41 
89  8-2141 
90  8--23-41 
91  8-24-41 
92  8-2541 
96  8-2741 
Total egg 
Wet weight  Time after  iTotal oxygen  carbohydrate 
of eggs used  fertilization  consumed  content (as 
glucose) 
mg, 
66 
66 
66 
60 
66 
66 
Total  egg 
lactic acid 
~t$.  ¢. m~.  pg. 
1  1012 
4  51  963 
7  110  925 
11  222  835 
16  352  695 
24  563  493 
1  1530 
4  52  1490 
7  124  1530 
11  221  1190 
16  463  1060 
25  808  985 
1  1505 
4  56  1505 
7  134  1475 
10  232  1475 
16  413  1440 
25  877  1135 
1  910 
4  45  900 
7  117  910 
11  242  905 
16  364  910 
25  615  683 
1  1480 
4  61  1390 
7  152  1400 
11  286  1230 
16  488  1260 
25  890  1080 
1 
4 
7 
10 
16 
25 
Total e~g 
ammonia 
nitrogen 
75 
173 
326 
425 
798 
1479 
1470 
1458 
1375 
1310 
1023 
~g. 
No analyses 
16 
14 
15 
19 
19 
16 
15 
6 
6 
7 
7 
8 
~g. 
20 
34 
45 
54 
63 
71 
20 
31 
36 
40 
44 
71 
22 
38 
40 
40 
58 
75 
16 
7 
5 
40 
57 
94 
40 
55 
55 
83 
91 
107 
29 
33 
39 
59 
55 
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TABLE VI--Conduded 
Exp. No. 
46 
99 
3 
Date 
8-2-41 
8-28-41 
[  Wet weight 
of eggs used 
rag. 
33 
44 
Time after 
fertilization 
];rs. 
1 
4 
7 
10 
16 
26 
1 
11 
1 
11 
1 
11 
Total oxygen 
consumed 
52 
111 
164 
265 
438 
177 
330 
136 
Total egg 
carbohydratm 
content  (as 
glucose) 
775 
753 
722 
657 
620 
548 
1438 
1058 
1330 
1330 
1250 
1250 
Total  egg 
lactic acid 
10 
10 
II 
II 
14 
10 
Total eg.g 
~mmonla 
nitrogen 
t~g. 
13 
20 
25 
23 
54 
113 
8 
55 
21 
53 
20 
25 
*All samples contained 1 X  10  ~  ~ 4,6-dinitro-o-cresol. 
:~ The A samples were normal eggs; the B and C samples contained 8 X 10  -e ~x and 6.4 X 
10-~ ~r 4, 6-dinitro-o-cresol, respectively. 
either greater or less than the oxygen consumption which was not accounted 
for by carbohydrate oxidation.  For  the  periods  in  which  the  total  oxygen 
consumption could  not  be  accounted for  by  the  sum  of  carbohydrate and 
protein oxidation (see particularly experiment 96,  1 to 7 hours), the oxidation 
of other substrates,  e.g. fat, possibly accounts for the remaining oxygen con- 
sumed.  In this connection, it is suggestive that the respiratory quotients for 
such periods were low. 
Clearly, much further work is required to establish the relative importance 
of various metabolic substrates in Arbacia egg development.  For the present, 
the important point is that the Arbada eggs in the separate samples consumed 
oxygen at essentially  the same rate, and developed normally at the same rate 
irrespective  of  whether  they  used  carbohydrate-  or  ammonia-yielding sub- 
stances  as  their  principal  sources  of  foodstuff.  This  suggests  that  if  the 
energy for cell  division of Arbacia eggs comes from a  particular  sequence of 
respiratory processes, this must be one which is common to both carbohydrate 
oxidation and protein oxidation, or one which is concerned with the utilization 
of some other substance not accounted for here. 
In previous experiments (9) it has been shown that 4,6-dinitro-o-cresol, when 
used in optimum concentration, can raise the oxygen consumption of fertilized 
Arbacia eggs to 3 or 4 times the normal level over a  period of 3 hours.  The 
present experiments show (Table VIII) that 8 X  10  -6 ~t or 10  -5 ~t 4,6-dinitro-o- 
cresol, in raising the oxygen consumption by almost 100 per cent over a more 728  CELL  METABOLISM  AND  CELL  DIVISION.  VI 
TABLE VII 
Relation of Oxygen Consumption to Carbohydrate Consumption and Ammonia Production in 
Normal Fertilized Arbacia Eggs at gO°C. As Calculated  for I Gin. Wet Eggs, from the Data 
of Table VI 
1  2  3  4  $  6  7  8 
Oxygen  Ammonia  Protein oxy- 
Period of  Oxygen  Glucose  equivalent ot  nitrogen  gen equtv- 
Exp. No.  measure-  consumed  R.Q.  used  alent of 
ment  glucose  used  (NHa--N)  ammonia  formed  nitrogen 
45 
hrs. ~fte? 
fertlhza-  moles  moles  moles X  10~ 
tion  X  10  5  X  10  5 
1- 4  3.45  0.94  0.41  2.46  1.51 
1-  7  7.44  1.00  0.73  4.37  2.70 
1-11  15.0  0.92  1.49  8.93  3.68 
1-16  23.8  0.97  2.66  15.9  4.65 
1-24  38.1  0.92  4.36  26.2  5.51 
1- 4  3.51  0.87  0.34  2.04  1.19 
1- 6  8.38  0.87  0  0  1.73 
1-11  14.9  1.04  2.86  17.1  2.16 
1-16  31.4  0.82  3.96  23.8  2.60 
1-25  54.7  4.59  27.5  5.53 
1- 4  3.79  0.76  0  0  1.73 
1-  7  9.07  0.82  0.25  1.50  1.95 
1-10  15.7  0.84  0.25  1.50  1.95 
1-16  28.0  0.87  0.55  3.24  3.89 
1-25  59.4  3.10  18.8  5.74 
1- 4  3.35  0.78  0.09  0.54  --1.07 
1- 7  8.71  0.95  0  0  --1.31 
1-11  18.0  0.90  0.04  0.24  2.86 
1-16  27.2  0.94  0  0  4.88 
1-25  45.8  0.98  2,10  12.6  9.30 
1- 4  4.13  0.95  0.76  4.56  1.63 
1-  7  10.3  0.90  0.67  4.02  1.63 
1-11  19.3  0.93  2.10  12.6  4.66 
1-16  33.0  0.86  1.85  11.1  5.53 
1-25  60.2  0.80  3.36  20.2  7.26 
1- 4  5.07  0.82  0.08  0.48  0.43 
1-  7  11.7  0.75  0.18  1.08  1.08 
1-11  22.0  0.75  0.88  5.27  3.25 
1-14  28.8  0.79  1.42  8.51  2.82 
1-25  54.0  0.84  3.74  22.4  8.98 
89 
90 
91 
92 
96 
moles X  10  6  moles X  10  5 
Sum of 
columns 
6and8 
moles 
X  10  6 
6.63  9.09 
11.9  16.3 
16.2  25.1 
20.4  36.3 
24.3  50.5 
5.23  7.27 
7.60  7.60 
9.50  26.6 
11.4  35.2 
24.4  51.9 
7.60  7.60 
8.58  10.1 
8.58  10.1 
17.1  20.3 
25.2  44.8 
--4.71 
-5.77 
12.6  12.8 
21.5  21.5 
40.9  53.5 
7.18  11.7 
7.18  11.2 
20.6  33.2 
24.4  35.5 
32.0  52.2 
1.90  2.38 
4.75  5.83 
14.3  19.6 
12.4  20.9 
39.6  62.0 IIuTCHENS,  KELTCH~ KRAHL~ AND CLOWES  729 
extended period, does not induce the consumption of sufficient excess carbo- 
hydrate to account for the excess oxygen consumed. 
This effect is especially striking in experiment 99.  While the oxygen con- 
sumption was raised by 8 X  l0  s M 4,6-dinitro-o-cresol from 18.0  to 33.6 X 
10  -5 moles per gm. wet eggs, the carbohydrate consumption from the 1st to the 
llth hour was reduced, within the limits of experimental error, to zero.  How- 
ever, the low carbohydrate content of the 4,6-dinitro-o-cresol treated eggs at 1 
hour indicated that there had been, during the 30 minute equilibration period, 
a considerable consumption of carbohydrate.  The ammonia production from 
the 1st to the llth hour was also reduced to a  point where the total oxygen 
TABLE VIII 
Relation  of Oxygen  Consumption  to  Carbohydrate  Consumption  and Ammonia Production  in 
4,6-Dinitro-o-Cresol  Treated-Fertilized  Arbacia Eggs,  as Calculated for  1  Gra. Wet Eggs 
from  the  Data  of  Table  VI 
Exp. No. 
2 
Period of 
measure- 
~lent 
hrs. after 
fertiliza- 
tion 
99A  1-11 
B  1-11 
C  1-11 
46  1-4 
1-7 
1-10 
1-16 
1-26 
3 
Concentra- 
tion 4,6- 
dinitro-o- 
cresol 
me !es per 
1.  X  10  6 
o 
8 
64 
lO 
lO 
lO 
lO 
lO 
4  5 
Oxygen 
con-  R.Q. 
suraed 
moles 
X  10  6 
18.0  0.93 
33.6  0.89 
13.8  0.92 
7.04  0.97 
15.0  0.89 
22.2  0.87 
35.8  0.91 
59.3  0.91 
Glucose 
used 
moles 
X  I0  s 
4.81 
0 
0 
0.37 
0.89 
1.99 
2.61 
3.82 
Oxygen 
equivalent 
of glucose 
used 
moles  XIO  s 
28.8 
0 
0 
2.22 
5.33 
11.9 
15.6 
22.9 
8  9 
Protein oxy- 
Ammonia  en  utv- 
nitrogen  a~e~nt  oe~ am- 
(NH~--N)  monis nitro- 
formed  gen (NHa~ 
N  x  4.4) 
moles 
X  106  moles  X  106 
7.63  33.6 
5.19  22.8 
0.81  3.57 
1.52  6.70 
2.60  11.4 
2.16  9.51 
8.88  39.1 
21.6  95.1 
10 
Sum of 
columns 
7 snd9 
moles  X~IO 
62.4 
22.8 
3.57 
8.92 
16.7 
21.4 
54.7 
118.0 
consumption could not be accounted for by oxidation of protein.  At 6.4  X 
10  -~  ~  4,6-dinitro-o-cresol,  a  concentration  greater  than  the  optimum  for 
respiratory stimulation,  the  carbohydrate consumption was  also  reduced to 
zero and the proportion of oxygen consumption accounted for by protein oxida- 
tion was even smaller than at 8  >(  10  -s ~r.  Further experiments to elucidate 
this effect and its relation to the cell division-blocking action of this class of 
compounds are obviously desirable. 
SUM'MARY 
1.  Under the present conditions of experiment, Arbacia eggs were found to 
contain an average of 110 rag. of acid-hydrolyzable carbohydrate (calculated 730  CELL METABOLISM  AND  CELL DMSION.  VI 
as glucose) per gm. of egg protein.  This carbohydrate was almost all in the 
egg proper, little or none being found in the jelly. 
To permit conversion of the data to other bases of reference the relation of 
nitrogen content to wet and dry weight and to egg number were determined. 
The eggs were found to contain 23.9 per cent solids, 0.10 mg. nitrogen per rag. 
dry weight, and 5.93 mg. nitrogen per 106 cells.  From these results, about 7 
per cent of the egg dry weight is acid-hydrolyzable carbohydrate and about 65 
per cent is protein. 
2.  Approximately one-half of the total acid-hydrolyzable carbohydrate was 
isolated  in  the  form  of  an  alkali-stable,  alcohol-precipitable  carbohydrate. 
This substance gave a  typical glycogen color test with iodine, yielded glucose 
on acid hydrolysis, and had, within the limits of experimental error, the same 
optical rotation as glycogen from other animal sources.  Since known amounts 
of  glycogen were  completely recovered when  carried  through  the  isolation 
process, the nature of one-half of the acid-hydrolyzable carbohydrate of Arbacia 
eggs remains undetermined. 
3.  In order to gain some estimate of the extent to which Arbacia eggs utilize 
their total carbohydrate for development, determinations of the oxygen con- 
sumption, respiratory quotient, carbohydrate consumption, lactic acid produc- 
tion, and ammonia production were made.  While all samples  of eggs were 
found to utilize carbohydrate from the 15th to the 24th hours of development 
at 2~)°C., certain samples of eggs consumed little or no carbohydrate from the 
1st  to  the  6th  hours,  the  period  during  which  cell  division proceeds most 
rapidly.  In a number of instances where carbohydrate breakdown was lack- 
ing, a substantial proportion of the oxygen consumption could be accounted for 
on the basis of processes involving oxidation of protein or protein breakdown 
products. 
The authors desire to thank Mr. Linville A. Baker for technical assistance 
in various phases of the work here described. 
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